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(57) ABSTRACT

There are provided: a first bufter circuit which includes buft-
ers being circuits to be measured connected in series, whose
output and input are connected to a first input terminal and a
second output terminal of a control circuit, respectively; a
second buffer circuit which includes buffers being circuits to
be measured connected in series whose number is the same as
a number of the buffers included in the first buffer circuit,
whose output and input are connected to a second input ter-
minal and a first output terminal of the control circuit, respec-
tively; and the control circuit which makes the entire circuit is
a negative logic when a first operation is set, and simulta-
neously outputs signals with different logics from the output
terminals at a time of a start of an oscillation operation and
makes the entire circuit is a positive logic when a second
operation is set.

7 Claims, 6 Drawing Sheets
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1
SEMICONDUCTOR INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2014-
026629, filed on Feb. 14, 2014, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are directed to a semi-
conductor integrated circuit.

BACKGROUND

In a semiconductor integrated circuit, not only an operating
speed and a circuit area but also a power consumption is one
of'important factors, and the semiconductor integrated circuit
has been demanded to achieve a low power consumption. In
order to improve the power consumption of the semiconduc-
tor integrated circuit, there is a technique of performing a
control in accordance with a process variation and a use state
of the semiconductor integrated circuit. For example, there
are techniques such as an ASV (Adaptive Supply Voltage) for
controlling a power supply voltage supplied to a semiconduc-
tor integrated circuit, an ABB (Adaptive Body Bias) for con-
trolling a back bias, and a DVFS (Dynamic Voltage Fre-
quency Scaling) for dynamically controlling an operating
frequency and a power supply voltage.

It is possible to appropriately conduct the control in accor-
dance with the process variation and the use state of the
semiconductor integrated circuit, by using a sense circuit and
the like to read a state of the semiconductor integrated circuit.
When the low power consumption technique as described
above is employed, delay characteristic information of the
semiconductor integrated circuit is important, and it is pos-
sible to determine an operation margin of the semiconductor
integrated circuit and a tolerance value capable of controlling
a speed of the semiconductor integrated circuit, from the
delay characteristic information. As a method of obtaining the
delay characteristic information of the semiconductor inte-
grated circuit, a method of using a ring oscillator (refer to
Patent Document 1, for example) and a method of using a
buffer ring (refer to Patent Document 2, for example) have
been known.

In the method of using the ring oscillator, the ring oscillator
is configured by using a circuit to be measured, and a number
of times of oscillation during a certain period is measured.
From a frequency calculated based on the measured number
of'times of oscillation, a sum of a delay time when a low-level
signal is input and a delay time when a high-level signal is
input, is obtained as delay characteristic information of the
circuit to be measured. The delay time when the low-level
signal is input corresponds to a delay time when an input
signal is changed from a high level to a low level. The delay
time when the high-level signal is input corresponds to a
delay time when an input signal is changed from a low level
to a high level. However, in the method of using the ring
oscillator, it is not possible to accurately divide the delay time
when the low-level signal is input and the delay time when the
high-level signal is input.

In the method of using the buffer ring, a plurality of buffers
200 being circuits to be measured are connected in series in a
ring shape to configure the buffer ring, as illustrated in FIG.
8A. For example, a state where a node NDA in the buffer ring
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is fixed to a low level, and a state where a node NDB separated
by a halfround from the node NDA is fixed to a high level are
created, and then the states are simultaneously released to
start an oscillation. When a delay time when a low-level
signal is input is shorter than a delay time when a high-level
signal is input in the buffer 200 being the circuit to be mea-
sured, for example, if a signal is observed at one node in the
buffer ring, a delay time DLL in the vicinity of the low level
is shorter than a delay time DLH in the vicinity of the high
level, as illustrated in FIG. 8B. As a result of this, a waveform
is deformed and a high-level period becomes gradually short
(refer to 210 in FIG. 8B), and after the oscillation is per-
formed a certain number of times, the oscillation is stopped.

As described above, in the method of using the buffer ring,
by measuring the number of times of oscillation up to when
the oscillation is stopped due to the difference of the delay
times, and by obtaining a signal level when the oscillation is
stopped, it is possible to obtain a ratio of the delay time when
the low-level signal is input and the delay time when the
high-level signal is input, as delay characteristic information
of'the circuit to be measured. For example, when the oscilla-
tion is performed N times and the signal is eventually fixed to
a high level, the high-level signal travels (N+V2) rounds when
the low-level signal travels N rounds in the buffer ring, result-
ing in that it can be understood that the speed of signal in the
vicinity of the high level is faster than that in the vicinity of the
low level, and a speed ratio of the low-level signal and the
high-level signal is N:(N+V2).

Patent Document 1: Japanese Laid-open Patent Publica-
tion No. 2010-87275

Patent Document 2: Japanese Laid-open Patent Publica-
tion No. 2011-166222

In the method of using the ring oscillator described above,
it is possible to obtain, as the delay characteristic information
of'the circuit to be measured, the sum of the delay time when
the low-level signal is input and the delay time when the
high-level signal is input. In the method of using the buffer
ring, it is possible to obtain, as the delay characteristic infor-
mation of the circuit to be measured, the ratio of the delay
time when the low-level signal is input and the delay time
when the high-level signal is input. However, itis not possible
to obtain a value of each of the delay time when the low-level
signal is input and the delay time when the high-level signal
is input, as delay characteristic information of the circuit to be
measured.

SUMMARY

One aspect of a semiconductor integrated circuit includes:
afirst buffer circuit which includes a plurality of buffers being
circuits to be measured connected in series; a second buffer
circuit which includes a plurality of buffers being circuits to
be measured connected in series, a number of the plurality of
buffers included in the second buffer circuit being the same as
anumber of the plurality of buffers included in the first buffer
circuit; and a control circuit which includes a second output
terminal connected to an input of the first buffer circuit, a first
input terminal connected to an output of the first buffer cir-
cuit, a first output terminal connected to an input of the second
buffer circuit, and a second input terminal connected to an
output of the second buffer circuit. When a first operation is
set, the control circuit outputs a signal whose logic is the same
as that of a signal input into the first input terminal, from the
first output terminal, and outputs a signal whose logic is
different from that of a signal input into the second input
terminal, from the second output terminal. When a second
operation is set, the control circuit simultaneously outputs
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signals with different logics from the first output terminal and
the second output terminal at a time of a start of an oscillation
operation, outputs a signal whose logic is the same as that of
the signal input into the first input terminal, from the first
output terminal, and outputs a signal whose logic is the same
as that of the signal input into the second input terminal, from
the second output terminal.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a configuration example of
a semiconductor integrated circuit in a first embodiment;

FIG. 2 is a diagram illustrating a configuration example of
a control circuit in the present embodiment;

FIG. 3 is a diagram illustrating an example of operation of
the semiconductor integrated circuit in the present embodi-
ment;

FIG. 4A is a diagram illustrating a configuration example
of a circuit to be measured in the present embodiment;

FIG. 4B is a diagram illustrating a configuration example
of a NAND circuit illustrated in FIG. 4A;

FIG. 4C is a diagram illustrating a configuration example
of a NCR circuit illustrated in FIG. 4A;

FIG. 5A is a diagram illustrating a configuration example
of a circuit to be measured in the present embodiment;

FIG. 5B is a diagram illustrating a configuration example
of an inverter illustrated in FIG. 5A;

FIG. 6 is a diagram illustrating a configuration example of
a semiconductor integrated circuit in a second embodiment;

FIG. 7A and FIG. 7B are diagrams illustrating an example
where the semiconductor integrated circuit in the present
embodiment is applied to an ABB system; and

FIG. 8A and FIG. 8B are diagrams for explaining a method
of obtaining delay characteristic information by using a
buffer ring.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments will be described based on the
drawings.

As described above, in the method of using the ring oscil-
lator, it is possible to obtain, as the delay characteristic infor-
mation ofthe circuit to be measured, the sum ofthe delay time
when the low-level signal is input and the delay time when the
high-level signal is input. In the method of using the buffer
ring, it is possible to obtain, as the delay characteristic infor-
mation of the circuit to be measured, the ratio of the delay
time when the low-level signal is input and the delay time
when the high-level signal is input.

By using the sum of the delay time when the low-level
signal is input and the delay time when the high-level signal
is input obtained by the method of using the ring oscillator,
and the ratio of the delay time when the low-level signal is
input and the delay time when the high-level signal is input
obtained by the method of using the buffer ring, it is possible
to obtain the value of each of the delay time when the low-
level signal is input and the delay time when the high-level
signal, is input. However, if the ring oscillator and the buffer
ring each using the circuits to be measured are separately
formed, in the semiconductor integrated circuit, as circuits for
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test for obtaining the pieces of delay characteristic informa-
tion, the circuit area is increased.

Accordingly, in embodiments to be described hereinafter,
it is designed such that one circuit can be switched to the ring
oscillator and the buffer ring each using the circuits to be
measured. This makes it possible to obtain the sum and the
ratio of the delay time when the low-level signal is input and
the delay time when the high-level signal is input, as the
pieces of delay characteristic information of the circuit to be
measured, and to obtain a value of each of the delay time
when the low-level signal is input and the delay time when the
high-level signal is input while suppressing an increase in the
circuit area.

First Embodiment

A first embodiment will be described.

FIG. 1 is a diagram illustrating a configuration example of
a semiconductor integrated circuit in the first embodiment of
the present embodiment. The semiconductor integrated cir-
cuit in the first embodiment includes a control circuit 10, a
plurality of buffers 20, and a pulse counter 30. Each of the
buffers 20 is a circuit to be measured, and outputs a signal
whose logic is the same as that of a signal input therein.

An input of a first buffer circuit 21 in which the plurality of
buffers 20 being the circuits to be measured are connected in
series (an input terminal of the buffer 20 at a first stage in the
first buffer circuit 21) and a second output terminal OUT2 of
the control circuit 10 are connected. An output of the first
buffer circuit 21 (an output terminal of the buffer 20 at a final
stage in the first buffer circuit 21) and a first input terminal
IN1 of the control circuit 10 are connected.

In like manner, an input of a second buffer circuit 22 in
which the plurality of buffers 20 being the circuits to be
measured are connected in series (an input terminal of the
buffer 20 at a first stage in the second buffer circuit 22) and a
first output terminal OUT1 of the control circuit 10 are con-
nected. An output of the second buffer circuit 22 (an output
terminal of the buffer 20 at a final stage in the second buffer
circuit 22) and a second input terminal IN2 of the control
circuit 10 are connected. A number of the buffers 20 included
in the second buffer circuit 22 is the same as a number of the
buffers 20 included in the first buffer circuit 21.

When a first operation is set, the control circuit 10 outputs
a signal whose logic is the same as that of a signal input into
the first input terminal IN1, from the first output terminal
OUT1. Specifically, when the first operation is set, the control
circuit 10 outputs a low-level signal from the first output
terminal OUT1 if a low-level signal is input into the first input
terminal IN1, and the control circuit 10 outputs a high-level
signal from the first output terminal OUT1 if a high-level
signal is input into the first input terminal IN1. Further, when
the first operation is set, the control circuit 10 outputs a signal
whose logic is different from that of a signal input into the
second input terminal IN2 (logic inverted signal), from the
second output terminal OUT2. Specifically, when the first
operation is set, the control circuit 10 outputs a high-level
signal from the second output terminal OUT2 if a low-level
signal is input into the second input terminal IN2, and the
control circuit 10 outputs a low-level signal from the second
output terminal OUT?2 if a high-level signal is input into the
second input terminal IN2.

When a second operation is set, the control circuit 10
outputs a signal whose logic is the same as that of the signal
input into the first input terminal IN1, from the first output
terminal OUT1, and outputs a signal whose logic is the same
as that of the signal input into the second input terminal IN2,
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from the second output terminal OUT2. In the manner as
described above, when the first operation is set, the entire
circuit is designed to be a negative logic, thereby realizing a
circuit function as a ring oscillator with the use of the control
circuit 10, the first buffer circuit 21, and the second buffer
circuit 22. When the second operation is set, the entire circuit
is designed to be a positive logic, thereby realizing a circuit
function as a buffer ring with the use of the control circuit 10,
the first buffer circuit 21, and the second buffer circuit 22.

The control circuit 10 outputs an output signal based on the
signal input into the first input terminal IN1 (a signal as a
result of inverting the logic of the signal input into the first
input terminal IN1, for example), from a third output terminal
OUT3. The pulse counter 30 is a counter circuit that receives
the output signal output from the third output terminal OUT3
of the control circuit 10, and counts a number of pulses.

FIG. 2 is a diagram illustrating a configuration example of
the control circuit 10 in the present embodiment. The control
circuit 10 includes negative logical product operation circuits
(NAND circuits) 101 to 107, negative logical sum operation
circuits (NOR circuits) 108 and 109, inverters 110 and 111,
and a load capacitor L.D.

The NAND circuit 101 includes an input terminal A con-
nected to the first input terminal IN1 of the control circuit 10,
and an input terminal B connected to a high-potential-side
internal power supply (voltage VDDI). The NAND circuit
102 includes an input terminal A connected to an output
terminal of the NAND circuit 101, an input terminal B con-
nected to an output terminal of the NOR circuit 108, and an
output terminal connected to the first output terminal OUT1
of the control circuit 10.

The NAND circuit 103 includes an input terminal A con-
nected to the second input terminal IN2 of the control circuit
10, and an input terminal B connected to the high-potential-
side internal power supply (voltage VDDI). The NAND cir-
cuit 104 includes an input terminal A connected to an output
terminal of the NAND circuit 103, and an input terminal B
connected to a logic control terminal LCTL of the control
circuit 10. The NAND circuit 105 includes an input terminal
A connected to an output terminal of the NAND circuit 106,
an input terminal B connected to an output terminal of the
NAND circuit 104, and an output terminal connected to the
second output terminal OUT?2 of the control circuit 10. The
NAND circuit 106 includes an input terminal A connected to
the second input terminal IN2 of the control circuit 10, and an
input terminal B connected to an output terminal of the NOR
circuit 109.

The NAND circuit 107 includes an input terminal A con-
nected to the first input terminal IN1 of the control circuit 10,
and an input terminal B connected to the high-potential-side
internal power supply (voltage VDDI). The inverter 111
includes an input terminal connected to an output terminal of
the NAND circuit 107, and an output terminal connected to
the third output terminal OUT3 of the control circuit 10.
Therefore, from the third output terminal OUT3 of the control
circuit 10, a signal whose logic is the same as that ofthe signal
input into the first input terminal IN1 is output via the NAND
circuit 107 and the inverter 111.

The NOR circuit 108 includes an input terminal A con-
nected to an output terminal of the inverter 110, and an input
terminal B connected to a low-potential-side internal power
supply (voltage VSSI). The NOR circuit 109 includes an
input terminal A connected to the output terminal of the
inverter 110, and an input terminal B connected to the logic
control terminal LCTL of the control circuit 10. The inverter
110 includes an input terminal connected to an oscillation
control terminal EN of the control circuit 10.
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The logic control terminal LCTL is a terminal into which a
logic control signal LCTL for switching whether the first
operation is set or the second operation is set, is input. In the
present embodiment, when the logic control signal LCTL is at
a high level, the first operation is set in the control circuit 10
so that the entire circuit including the control circuit 10, the
first buffer circuit 21, and the second buffer circuit 22 is a
negative logic. When the logic control signal LCTL is ata low
level, the second operation is set in the control circuit 10 so
that the entire circuit including the control circuit 10, the first
buffer circuit 21, and the second buffer circuit 22 is a positive
logic.

The oscillation control terminal EN is a terminal into
which an oscillation control signal EN for controlling
whether or not an oscillation operation with the use of the
control circuit 10, the first buffer circuit 21, and the second
buffer circuit 22 is conducted, is input. In the present embodi-
ment, when the oscillation control signal EN is at a high level,
the oscillation operation with the use of the control circuit 10,
the first buffer circuit 21, and the second buffer circuit 22 is
conducted, and when the oscillation control signal EN is ata
low level, it is designed such that the oscillation operation is
not conducted.

The control circuit 10 illustrated in FIG. 2 performs the
oscillation operation under the setting of the first operation,
when the logic control signal LCTL is at a high level and the
oscillation control signal EN is at a high level. At this time,
from the first output terminal OUT1, a signal whose logic is
the same as that of the signal input into the first input terminal
IN1 is output via the NAND circuits 101 and 102. From the
second output terminal OUT?2, a signal whose logic is differ-
ent from that ofthe signal input into the second input terminal
IN2 (logic inverted signal) is output via the NAND circuits
103, 104, and 105.

When the logic control signal LCTL is at a high level and
the oscillation control signal EN is at a low level, the control
circuit 10 does not conduct the oscillation operation, although
the first operation is set. At this time, from the first output
terminal OUT1, a fixed high-level signal is output by the
inverter 110, the NOR circuit 108, and the NAND circuit 102.
From the second output terminal OUT2, a signal whose logic
is different from that of the signal input into the second input
terminal IN2 (logic inverted signal) is output via the NAND
circuits 103, 104, and 105.

When the logic control signal LCTL is at a low level and
the oscillation control signal EN is at a high level, the control
circuit 10 performs the oscillation operation under the setting
of the second operation. At this time, from the first output
terminal OUT1, a signal whose logic is the same as that of the
signal input into the first input terminal IN1 is output via the
NAND circuits 101 and 102. From the second output terminal
OUT?2, a signal whose logic is the same as that of the signal
input into the second input terminal IN2 is output via the
NAND circuits 106 and 105.

When the logic control signal LCTL is at a low level and
the oscillation control signal EN is at a low level, the control
circuit 10 does not conduct the oscillation operation, although
the second operation is set. At this time, from the first output
terminal OUT1, a fixed high-level signal is output by the
inverter 110, the NOR circuit 108, and the NAND circuit 102.
From the second output terminal OUT2, a fixed low-level
signal is output by the inverter 110, the NOR circuit 109, and
the NAND circuits 104, 106, and 105.

When the oscillation operation is conducted under the set-
ting of the second operation (positive logic), the signal input
into the first input terminal IN1 is output from the first output
terminal OUT1 via the NAND circuits 101 and 102, and the
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signal input into the second input terminal IN2 is output from
the second output terminal OUT?2 via the NAND circuits 106
and 105. At this time, it is designed such that the signal is
transmitted from the first input terminal IN1 to the first output
terminal OUT1 by using the input terminals A of the NAND
circuits 101 and 102, and the signal is transmitted from the
second input terminal IN2 to the second output terminal
OUT?2 by using the input terminals A of the NAND circuits
106 and 105. Consequently, in the oscillation operation under
the setting of the second operation (positive logic), a delay
time from the first input terminal IN1 to the first output
terminal OUT1 and a delay time from the second input ter-
minal IN2 to the second output terminal OUT2 become
equivalent.

Since the delay from the first input terminal IN1 to the first
output terminal OUT1 is caused by two stages of gates, and
the delay from the second input terminal IN2 to the second
output terminal OUT2 is caused by two stages or three stages
of gates, so that it is possible to reduce the delay time, when
compared to a case where a switching is made by using a
circuit such as a multiplexer.

The load capacitor LD illustrated in FIG. 2 is a delay
adjustment circuit which matches a timing at which the signal
output from the first output terminal OUT1 changes with a
timing at which the signal output from the second output
terminal OUT2 changes, at the time of the start of the oscil-
lation operation under the setting of the second operation
(positive logic). By adjusting the delay time by the load
capacitor LD as the delay adjustment circuit, it is possible to
perform the simultaneous oscillation when starting the oscil-
lation operation under the setting of the second operation
(positive logic). Although FIG. 2 illustrates an example of
using an inverter 112 as the load capacitor LD, the circuitused
as the load capacitor LD may be appropriately determined in
accordance with the circuit configuration and the like.

FIG. 3 is a diagram illustrating an operation example of the
semiconductor integrated circuit in the present embodiment.
FIG. 3 illustrates an example of a case where the oscillation
operation is conducted by making the entire circuit including
the control circuit 10, the first buffer circuit 21, and the second
buffer circuit 22 is a negative logic (ring oscillator), and then
the oscillation operation is conducted by making the entire
circuit is a positive logic (buffer ring).

By a reset signal RST, the control circuit 10, the first buffer
circuit 21, the second buffer circuit 22, and the pulse counter
30 are set to be in an initial state, and at a time t1, the reset
signal RST is negated. At this time, since the logic control
signal LCTL is at a high level, the control circuit 10 outputs
the signal whose logic is the same as that of the signal input
into the first input terminal IN1, from the first output terminal
OUT1, and outputs the signal whose logic is different from
that of the signal input into the second input terminal IN2
(logic inverted signal), from the second output terminal
OUT?2. None that since the oscillation control signal EN is at
a low level at the time t1, the output from the first output
terminal OUT1 is fixed to a high level. Therefore, the input
and output of the buffer of the second buffer circuit 22 are at
a high level, and the input and output of the buffer of the first
buffer circuit 21 are at a low level.

Next, at a time t2, when the oscillation control signal EN is
set to a high level from a low level, the oscillation by the
control circuit 10, the first buffer circuit 21, and the second
buffer circuit 22 is started. At a time t3 after an elapse of
certain period of time from the time t2, the oscillation control
signal EN is set to a low level from a high level, resulting in
that the oscillation by the control circuit 10, the first buffer
circuit 21, and the second buffer circuit 22 is stopped. The
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number of pulses of an output signal OUT3 in the oscillation
operation from the time t2 to the time t3 is counted by the
pulse counter 30. The counted number of pulses is read out to
the outside or held in the pulse counter 30 (when the number
of pulses is held in the pulse counter 30, it is designed to be
held in a region which is not initialized by the later-described
reset signal RST).

Subsequently, the control circuit 10, the first buffer circuit
21, the second bufter circuit 22, and the pulse counter 30 are
set to be in the initial state by the reset signal RST, the logic
control signal LCTL is set to a low level at a time t4, and after
that, the reset signal RST is negated at a time t5. At this time,
since the logic control signal LCTL is at a low level, the
control circuit 10 outputs the signal whose logic is the same as
that of the signal input into the first input terminal IN1, from
the first output terminal OUT1, and outputs the signal whose
logic is the same as that of the signal input into the second
input terminal IN2, from the second output terminal OUT2.
Note that since the oscillation control signal EN is at a low
level at the time t5, the output from the first output terminal
OUT1 is fixed to a high level, and the output from the second
output terminal OUT2 is fixed to a low level. Therefore, the
input and output of the buffer of the second bufter circuit 22
are at a high level, and the input and output of the buffer of the
first buffer circuit 21 are at a low level.

Next, at a time t6, when the oscillation control signal EN is
set to a high level from a low level, a low-level signal is output
from the first output terminal OUT1 of the control circuit 10,
and at the same time, a high-level signal is output from the
second output terminal OUT?2 of the control circuit 10, and
the oscillation by the control circuit 10, the first buffer circuit
21, and the second buffer circuit 22 is started. After that, due
to a difference between a delay time in the vicinity of a high
level and a delay time in the vicinity of a low level in the
control circuit 10, the first buffer circuit 21, and the second
buffer circuit 22, the oscillation is stopped at a time t7, for
example. The number of pulses of the output signal OUT3 in
the oscillation operation from the time t6 and thereafter is
counted by the pulse counter 30. The counted number of
pulses is then read out to the outside. Note that when the
number of pulses in the oscillation operation from the time t2
to the time t3 is held in the pulse counter 30, the number of
pulses is also read out. A method of reading out the number of
pulses from the pulse counter 30 is arbitrary, and it is also
possible to read out the number of pulses through a scan shift
operation and the like using a clock for scan shift, for
example.

In the manner as described above, according to the present
embodiment, by making the entire circuit is a negative logic
to realize the circuit function as the ring oscillator with the use
of the control circuit 10, the first buffer circuit 21, and the
second bufter circuit 22, it is possible to measure the number
of times of oscillation during the certain period. Conse-
quently, it is possible to obtain, as the delay characteristic
information of the buffer 20 being the circuit to be measured,
the sum of the delay time when the low-level signal is input
and the delay time when the high-level signal is input.

Further, according to the present embodiment, by making
the entire circuit is a positive logic to realize the circuit
function as the buffer ring with the use of the control circuit
10, the first buffer circuit 21, and the second buffer circuit 22,
it is possible to measure the number of times of oscillation up
to when the oscillation is stopped due to the difference of the
delay times and a signal level when the oscillation is stopped.
Consequently, it is possible to obtain, as the delay character-
istic information of the buffer 20 being the circuit to be
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measured, the ratio of the delay time when the low-level
signal is input and the delay time when the high-level signal
is input.

Specifically, according to the present embodiment, by con-
trolling the control circuit 10, the circuit function as the ring
oscillator and the circuit function as the buffer ring with the
use of the control circuit 10, the first buffer circuit 21, and the
second buffer circuit 22 can be realized by being switched.
Therefore, even if the ring oscillator and the buffer ring are
not separately provided, it is possible to obtain, in the same
circuit, the sum and the ratio of the delay time when the
low-level signal is input and the delay time when the high-
level signal is input, as the pieces of delay characteristic
information of the buffer 20 being the circuit to be measured,
and to obtain the value of each of the delay time when the
low-level signal is input and the delay time when the high-
level signal is input.

FIG. 4A is a diagram illustrating an example of the buffer
20 being the circuit to be measured in the present embodi-
ment. FIG. 4A illustrates an example in which a NAND
circuit 121 and a NOR circuit 122 are used as the buffer 20. In
the example illustrated in FIG. 4A, a high-potential-side
power supply (voltage VDD) is input into an input terminal A
of'the NAND circuit 121, and an input signal with respect to
the buffer 20 is input into an input terminal B of the NAND
circuit 121. A low-potential-side power supply (voltage VSS)
is input into an input terminal A of the NOR circuit 122, and
an output of the NAND circuit 121 is input into an input
terminal B of the NOR circuit 122, and an output of the NOR
circuit 122 is output as an output signal from the buffer 20.

The NAND circuit 121 includes P-channel type transistors
T11 and T14, and N-channel type transistors T12 and T13, as
illustrated in FIG. 4B. Each of the P-channel type transistors
T11 and T14 includes a source connected to the high-poten-
tial-side power supply (voltage VDD), and a drain connected
to an output terminal YB of the NAND circuit 121. The
P-channel type transistor T11 includes a gate connected to the
input terminal A of the NAND circuit 121, and the P-channel
type transistor T14 includes a gate connected to the input
terminal B of the NAND circuit 121. The N-channel type
transistor T12 includes a drain connected to the output termi-
nal YB ofthe NAND circuit 121, a source connected to a drain
of'the N-channel type transistor T13, and a gate connected to
the input terminal A of the NAND circuit 121. The N-channel
type transistor T13 includes a source connected to the low-
potential-side power supply (voltage VSS), and a gate con-
nected to the input terminal B of the NAND circuit 121.

The NOR circuit 122 includes P-channel type transistors
T21 and T22, and N-channel type transistors T23 and T24, as
illustrated in FIG. 4C. The P-channel type transistor T21
includes a source connected to the high-potential-side power
supply (voltage VDD), a drain connected to a source of the
P-channel type transistor T22, and a gate connected to the
input terminal B of the NOR circuit 122. The P-channel type
transistor 122 includes a drain connected to an output termi-
nal YB of the NOR circuit 122, and a gate connected to the
input terminal A of the NOR circuit 122. Each of the N-chan-
nel type transistors T23 and T24 includes a source connected
to the low-potential-side power supply (voltage VSS), and a
drain connected to the output terminal YB of the NOR circuit
122. The N-channel type transistor T23 includes a gate con-
nected to the input terminal A of'the NOR circuit 122, and the
N-channel type transistor T24 includes a gate connected to
the input terminal B of the NOR circuit 122.

Therefore, as illustrated in FIG. 4A, if the high-potential-
side power supply (voltage VDD) is input into the input
terminal A of the NAND circuit 121, and the low-potential-
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side power supply (voltage VSS) is input into the input ter-
minal A of the NOR circuit 122, when the signal input into the
buffer changes from a high level to a low level, it is possible
to measure a delay time of the P-channel type transistor (114)
of one stage and the N-channel type transistor (124) of one
stage. Further, when the signal input into the buffer changes
from a low level to a high level, it is possible to measure a
delay time of the N-channel type transistors (112 and T13) of
two stages which are loaded longitudinally and the P-channel
type transistors (121 and T22) of two stages which are loaded
longitudinally. In the manner as described above, it is possible
to measure the delay of the transistor itself and the delay of the
transistors which are loaded longitudinally.

Further, as illustrated in FIG. 5A, by adding capacity loads
(inverters 131-3 and 131-4, in the example) to the inside of the
buffer 20 formed by connecting inverters 131-1 and 131-2 in
series, a delay time of the inverter 131-1 at a first stage is
increased, resulting in that a delay characteristic of each of an
N-channel type transistor and a P-channel type transistor can
be obtained. Each of the inverters 131 illustrated in FIG. 5A
includes a P-channel type transistor T31 and an N-channel
type transistor T32, as illustrated in FIG. 5B. The P-channel
type transistor T31 includes a source connected to the high-
potential-side power supply (voltage VDD), drain connected
to a drain of the N-channel type transistor T32, and a gate
connected to an input terminal of the inverter 131. The
N-channel type transistor T32 includes a source connected to
the low-potential-side power supply (voltage VSS), and a gate
connected to the input terminal of the inverter 131. An inter-
connection point between the drain of the P-channel type
transistor T31 and the drain of the N-channel type transistor
T32 is connected to an output terminal of the inverter 131.

Note that the configuration of the buffer 20 being the circuit
to be measured illustrated in FIG. 4A and FIG. 5A is one
example, and is not limited to this. The circuit configuration
of'the buffer 20 being the circuit to be measured in the present
embodiment may be appropriately selected in accordance
with the delay characteristic information to be obtained and
the like.

Second Embodiment

Next, a second embodiment will be described.

As described above, the ratio of the delay time when the
low-level signal is input and the delay time when the high-
level signal is input can be obtained by N:(N+%2) with the use
of the number of pulses N up to when the oscillation is
stopped. Accordingly, in a path of circuits to be measured
using buffers, when a delay time when a low-level signal is
input and a delay time when a high-level signal is input are
approximately equal, a value of the number of pulses N
becomes large, resulting in that a sufficient accuracy can be
achieved. On the other hand, in the path of the circuits to be
measured using the buffers, when a difference between the
delay time when the low-level signal is input and the delay
time when the high-level signal is input is large (when there is
a difference of about two times, for example), the oscillation
is stopped after the signal travels several rounds, resulting in
that the number of pulses N is small, and an error becomes
large.

Accordingly, in the second embodiment to be described
below, when the difference between the delay time when the
low-level signal is input and the delay time when the high-
level signal is input in the path of the circuits to be measured
is large, a large number of delay circuits in each of which the
delay time when the low-level signal is input and the delay
time when the high-level signal is input are the same are
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inserted into the path of the circuits to be measured. Conse-
quently, the number of pulses up to when the oscillation is
stopped is increased, to thereby improve the accuracy of the
delay characteristic information to be obtained.

FIG. 6 is a diagram illustrating a configuration example of
a semiconductor integrated circuit in the second embodiment.
In FIG. 6, components and the like having the same function
as that of the components and the like illustrated in FIG. 1 are
denoted by the same reference numerals, and overlapped
explanation thereof will be omitted. The semiconductor inte-
grated circuit in the second embodiment includes the control
circuit 10, the pulse counter 30, a plurality of buffers 40, and
a plurality of delay circuits 50. Note that in FIG. 6, although
the configuration corresponding to the first buffer circuit and
the configuration of the second buffer circuit illustrated in
FIG. 1 are simplified, and are respectively illustrated as one
buffer 40, in the configuration, a plurality of buffers are con-
nected in series, similar to FIG. 1.

Each of a first buffer circuit 41 and a second buffer circuit
42 includes the buffer 40 and the plurality of delay circuits 50
connected in series. The buffer 40 of the first buffer circuit 41
includes a plurality of buffers being the circuits to be mea-
sured connected in series, which correspond to the first buffer
circuit 21 illustrated in FIG. 1. The buffer 40 of the second
buffer circuit 42 includes a plurality of buffers being the
circuits to be measured connected in series, which correspond
to the second buffer circuit 22 illustrated in FIG. 1.

The delay circuit 50 is a circuit in which the delay time
when the low-level signal is input and the delay time when the
high-level signal is input are the same. As illustrated in FIG.
6, for example, the delay circuit 50 includes two inverters 51
and 52 which are connected so as to have the same wiring load
due to an output wiring and the like. The plurality of delay
circuits 50 are inserted into the first buffer circuit 41 and the
second buffer circuit 42 in a similar manner.

Regarding the obtainment of the pieces of delay character-
istic information of the buffer being the circuit to be mea-
sured, the sum and the ratio of the delay time when the
low-level signal is input and the delay time when the high-
level signal is input are obtained by using a circuit configu-
ration including the delay circuits 50, in a similar manner to
that of the first embodiment. Specifically, by using the control
circuit 10, the first buffer circuit 41, and the second buffer
circuit 42, the circuit function as the ring oscillator and the
circuit function as the buffer ring are switched, and the sum
and the ratio of the delay time when the low-level signal is
input and the delay time when the high-level signal is input
are obtained.

Further, with the use of the circuit configuration in which
the buffer 40 is removed from each of the first buffer circuit 41
and the second buffer circuit 42, the sum and the ratio of the
delay time when the low-level signal is input and the delay
time when the high-level signal is input are obtained. Specifi-
cally, with the use of the circuit configuration in which each of
the first buffer circuit 41 and the second buffer circuit 42 is
formed only of the inserted delay circuits 50, the circuit
function as the ring oscillator and the circuit function as the
buffer ring are switched, and the sum and the ratio of the delay
time when the low-level signal is input and the delay time
when the high-level signal is input are obtained by using the
control circuit 10, the first buffer circuit 41, and the second
buffer circuit 42.

Inthe manner as described above, it is possible to obtain the
value of each of the delay time when the low-level signal is
input and the delay time when the high-level signal is input in
the buffer 40, from the pieces of delay characteristic infor-
mation obtained by the first buffer circuit 41 and the second
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buffer circuit 42 each including the buffer 40, and the pieces
of'delay characteristic information obtained by the first buffer
circuit 41 and the second buffer circuit 42 each including no
butfer 40.

By inserting the plurality of delay circuits 50 as illustrated
in FIG. 6, a total sum of the delay time when the low-level
signal is input and the delay time when the high-level signal
is input becomes large. Accordingly, a proportion of a differ-
ence of the delay times with respect to the total sum of the
delay time when the low-level signal is input and the delay
time when the high-level signal is input becomes small, and it
is possible to increase the number of pulses up to when the
oscillation is stopped due to the difference of the delay times,
resulting in that the accuracy of the delay characteristic infor-
mation to be obtained can be improved.

Note that in the example illustrated in FIG. 6, it is designed
such that the plurality of delay circuits 50 connected in series
are inserted into a rear stage of the buffer 40 corresponding to
the plurality of buffers connected in series, but, the position at
which the delay circuits 50 are inserted into each of the first
buffer circuit 41 and the second buffer circuit 42 is arbitrary.
It is only needed that the same number of the delay circuits 50
are inserted into each of the first buffer circuit 41 and the
second buffer circuit 42, and it is desirable that the first buffer
circuit 41 and the second buffer circuit 42 are the same circuit
configuration including the wiring and the like.

FIG. 7A and FIG. 7B are diagrams illustrating an example
in which the semiconductor integrated circuit in the first and
second embodiments described above is applied to an ABB
system which conducts a voltage control of back bias in
accordance with a process variation. An example of layout is
illustrated in FIG. 7A, in which in a chip 150, a standard cell
(unit cell) is disposed on a region 151, and a monitor circuit
(process monitor) 152 as illustrated in FIG. 1 and FIG. 6 is
disposed. To the chip 150, a fuse circuit 153 which can be
electrically disconnected and connected and holds control
information, a charge pump circuit 154 which generates a
power supply supplied to the circuits inside of the chip 150
based on an input electric power, and a memory circuit 155
are appropriately provided.

The chip 150 includes input/output circuits (I/O circuits)
156 which perform input/output of data and the like with an
outside of the chip 150. In the example illustrated in FIG. 7A,
for example, an 1/O circuit 156-1 for the monitor circuit 152,
an I/O circuit 156-2 for the fuse circuit 153, and an I/O circuit
156-3 for the charge pump circuit 154 are illustrated.

FIG. 7B is a diagram illustrating an example of control of
the ABB system illustrated in FIG. 7A. By a monitor circuit
(process monitor) 171 inside of a chip 170, the circuit func-
tion is switched to the ring oscillator and the buffer ring, and
the sum and the ratio of the delay time when the low-level
signal is input and the delay time when the high-level signal
is input are obtained as the pieces of delay characteristic
information of the circuit to be measured. A tester 180 reads
out the pieces of delay characteristic information obtained by
the monitor circuit 171 in the chip 170, and determines, based
on the read out pieces of delay characteristic information, a
voltage code indicating a voltage supplied as a back bias to a
cell in the chip in accordance with a process variation. The
tester 180 writes the voltage code determined in accordance
with the process variation, into the fuse circuit 172.

Subsequently, the charge pump circuit 173 generates a
back bias voltage in accordance with the voltage code written
into the fuse circuit 172. The voltage generated by the charge
pump circuit 173 is supplied to a standard cell of an internal
circuit 175 as the back bias voltage in accordance with the
voltage code through a well region, via a back bias power
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supply mesh and a well tap cell 174. In the manner as
described above, it is possible to supply the back bias voltage
in accordance with the process variation, and to perform the
appropriate voltage control in accordance with the process
variation of the chip, resulting in that the low power consump-
tion of the semiconductor integrated circuit can be improved.

Note that the semiconductor integrated circuit in the first
and second embodiments described above can be applied not
only to the ABB system illustrated in FIG. 7A and FIG. 7B but
also to another technique of low power consumption such as
an ASV and a DVFS.

The disclosed semiconductor integrated circuit can realize
the circuit function as the ring oscillator and the circuit func-
tion as the buffer ring by switching the circuit functions, and
it is possible to obtain, with the use of one circuit, the sum and
the ratio of the delay time when the low-level signal is input
and the delay time when the high-level signal is input in the
circuit to be measured. Accordingly, it becomes possible to
obtain the value of each of the delay time when the low-level
signal is input and the delay time when the high-level signal
is input in the circuit to be measured, while suppressing the
increase in the circuit area.

All examples and conditional language provided herein are
intended for the pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although one or more embodiments
of the present invention have been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What is claimed is:

1. A semiconductor integrated circuit, comprising:

a first buffer circuit which includes a plurality of buffers
connected in series;

a second buffer circuit which includes a plurality of buffers
connected in series, a number of the plurality of buffers
included in the second buffer circuit being the same as a
number of the plurality of buffers included in the first
buffer circuit; and

a control circuit which includes a second output terminal
connected to an input of the first buffer circuit, a first
input terminal connected to an output of the first buffer
circuit, a first output terminal connected to an input of
the second buffer circuit, and a second input terminal
connected to an output of the second buffer circuit,
wherein

when a first operation is set, the control circuit outputs a
signal whose logic is the same as that of a signal input
into the first input terminal, from the first output termi-
nal, and outputs a signal whose logic is different from
that of a signal input into the second input terminal, from
the second output terminal, and

when a second operation is set, the control circuit simulta-
neously outputs signals with different logics from the

10

15

20

25

30

40

45

50

55

14

first output terminal and the second output terminal at a
time of a start of an oscillation operation, outputs a
signal whose logic is the same as that of the signal input
into the first input terminal, from the first output termi-
nal, and outputs a signal whose logic is the same as that
of the signal input into the second input terminal, from
the second output terminal.
2. The semiconductor integrated circuit according to claim
1, further comprising
a counter circuit configured to count a number of pulses of
a signal output from the control circuit.
3. The semiconductor integrated circuit according to claim
2, further comprising
a charge pump circuit configured to supply a voltage deter-
mined based on first information and second informa-
tion to an internal circuit of the semiconductor inte-
grated circuit, the first information being a number of
times of first oscillation, by the first buffer circuit, the
second buffer circuit, and the control circuit, during a
certain period measured in the first operation, and the
second information being a number of times of second
oscillation, by the first buffer circuit, the second buffer
circuit, and the control circuit, up to when the second
oscillation is stopped and a signal level when the second
oscillation is stopped measured in the second operation.
4. The semiconductor integrated circuit according to claim
3, wherein
each of the first buffer circuit and the second buffer circuit
includes a plurality of delay circuits in each of which a
delay time when a low-level signal is input and a delay
time when a high-level signal is input are the same.
5. The semiconductor integrated circuit according to claim
2, wherein
each of the first buffer circuit and the second buffer circuit
includes a plurality of delay circuits in each of which a
delay time when a low-level signal is input and a delay
time when a high-level signal is input are the same.
6. The semiconductor integrated circuit according to claim
1, further comprising
a charge pump circuit configured to supply a voltage deter-
mined based on first information and second informa-
tion to an internal circuit of the semiconductor inte-
grated circuit, the first information being a number of
times of first oscillation, by the first buffer circuit, the
second buffer circuit, and the control circuit, during a
certain period measured in the first operation, and the
second information being a number of times of second
oscillation, by the first buffer circuit, the second buffer
circuit, and the control circuit, up to when the second
oscillation is stopped and a signal level when the second
oscillation is stopped measured in the second operation.
7. The semiconductor integrated circuit according to claim
1, wherein
each of the first buffer circuit and the second buffer circuit
includes a plurality of delay circuits in each of which a
delay time when a low-level signal is input and a delay
time when a high-level signal is input are the same.
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